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Introduction 
The purpose of this discussion paper is to explore 
whether investments in Digital Subscriber Line 
(DSL) technology should be considered in South 
Carolinaôs future broadband expansion plans. The 
future of DSL technology is a relevant topic in South 
Carolina, because as of June 30, 2021, the state 
reported that 355,550 households are still using 
broadband provided by DSL technology1. 
 
This paper reaches the conclusion, for a wide variety 
of reasons, that DSL technology delivered over a 
single pair of copper wires should not be considered 
in future broadband expansion plans as a viable 
technology. While there is some DSL delivered 
using two bonded pairs of copper that can still 
achieve speeds faster than the Federal 
Communications Commission (FCC) definition of 
broadband of 25/3 Mbps, it is rarely available in rural 
areas and, further, it is the opinion of this author that 
the FCC speed definition is obsolete.  

 

 

  

 

 

1 Based on FCC Form 477 subscription information that was reported to 
the SC Broadband Office as of June 30, 2021. 
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Why is Broadband Usage Growing? 
There are two reasons that the average household broadband usage continues to grow.2 Homes 
are doing more things on the Internet and homes are using more bandwidth for the things they 
have always done. Not surprisingly, most homes are doing both. 
 
There is no better example than video conferencing. The pandemic forced millions of people 
home and kept family and friends apart, and seemingly overnight everybody in the country knows 
what a Zoom meeting is. Since a Zoom connection requires dedicating both an upstream and a 
downstream broadband connection, the collective amount of bandwidth used for video meetings 
in the last year was astronomical. While these applications have been around a few years, the 
usage in 2019 for video meetings is a tiny fraction of the usage weôve seen in 2020 and 2021. 
 
Today, files are automatically saved and stored live online and work product can be loaded into 
several other share drive programs to collaborate with others on different projects. This is all a 
new use of bandwidth that didnôt exist just a few years ago.  
 
 The biggest driver of household broadband usage is video (although machine-to-machine traffic 
for things like automatic file backups is catching up). As recently as 2017 almost all online video 
was transmitted in high definition or lower resolution. But the big platforms like Amazon and Netflix 
began streaming everything in 4K video, and the amount of broadband used to watch shows and 
movies skyrocketed.      
 
 In 2015, the FCC defined 
broadband as 25/3 Mbps by 
engaging in a thought 
experience to estimate the 
average broadband usage for a 
family of four.3 The FCC 
discussed less than a dozen 
uses of broadband and those 
few different tasks captured how 
most of us used the Internet in 
2015. Today there is no longer a 

 

 

2ñIt is important to track the changing mix of devices and connections and growth in multidevice ownership as it affects traffic 

patterns.  Video devices, in particular, can have a multiplier effect on traffic.  An Internet-enabled HD television that draws couple - 

three hours of content per day from the Internet would generate as much Internet traffic as an entire household today, on an 

average.  Video effect of the devices on traffic is more pronounced because of the introduction of Ultra-High-Definition (UHD), or 4K, 

video streaming.  This technology has such an effect because the bit rate for 4K video at about 15 to 18 Mbps is more than double 

the HD video bit rate and nine times more than Standard-Definition (SD) video bit rate.  We estimate that by 2023, two-thirds (66 

percent) of the installed flat-panel TV sets will be UHD, up from 33 percent in 2018ò  See Cisco Annual Internet Report (2018-2023) 

White Paper , https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-

741490.html (Last accessed Aug. 23, 2021), cited in Federal Communication Commissionôs Eleventh Measuring Broadband 

America Fixed Broadband Report (rel. Dec. 31, 2021). 

3 See Inquiry Concerning the Deployment of Advanced Telecommunications Capability to AllAmericans in a Reasonable and Timely 

Fashion, and Possible Steps to Accelerate SuchDeployment Pursuant to Section 706 of the Telecommunications Act of 1996, as 

Amended by the Broadband Data Improvement Act; GN Docket 14-126, 2015 Broadband Progress Report and NOI on Immediate 

Action to Accelerate Deployment (rel. Feb. 4, 2015).https://www.fcc.gov/sites/default/files/household_broadband_guide.pdf. FCC 

Household Broadband Guide reflects a family of four utilizing four devices as needing medium service or 25 Mbps (rel. Feb. 5, 2020) 

Recommended video bitrates for HDR uploads 

Type 
Video Bitrate, Standard 
Frame Rate (24, 25, 30) 

Video Bitrate, High 
Frame rate (48, 50, 60) 

2160p (4K) 44-56 Mbps 66-85 Mbps 

1440p (2K) 20 Mbps 30 Mbps 

1080p 10 Mbps 15 Mbps 

720p 6.5 Mbps 9.5 Mbps 

480p Not supported Not supported 

360p Not supported Not supported 
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typical broadband household because there are hundreds of ways to use broadband. Simple 
differences like having gamers in a home or having somebody working fulltime from home can 
distinguish one neighbor from another in terms of a broadband usage profile. 
 
Perhaps the best way to illustrate the continuous growth in broadband usage is to identify the 
bandwidth needed for everyday household broadband functions. 

 

Video 
There is a high variability in video bandwidth 
because every online service uses different 
compression ratios. For example, Netflix 
states that standard streaming requires 3 
Mbps download, high definition requires 5 
Mbps, and 4K/Ultra HD needs 25 Mbps. Hulu 
uses different compression technology and 
recommends 3 Mbps for standard streaming, 
8 Mbps for live streams like sports, and 16 
Mbps for 4K content. And none of these 
speeds are fixed. It takes more bandwidth to 
carry an action-packed scene than a quiet 
scene where the background stays constant. 
Content providers also downgrade quality to 
fit the broadband speed they encounter at a 
user. One of the first things that a customer 
upgrading to fiber usually notices is the 
improved video. A household using DSL has 
never seen a 4K video, because Netflix and 
others tamp the signal to a lower quality to fit 
the available broadband.4  
 

Zoom 
There is a high variability in Zoom video 
bandwidth because Zoom modifies the 
stream to fit a userôs video capability.5 The 
lowest resolution uses a 600/600 kbps 
stream (up and down). 720p video quality 
uses 1.2/1.2 Mbps, which 1080p quality uses 
3.8/3 Mbps. Those bandwidths are for a call 
between only two parties. The download 
bandwidth used increases when connected 

 

 

4 On auto setting, Netflix adjusts the streaming speed to match the actual internet speed.  https://help.netflix.com/en/node/87  

5https://assets.zoom.us/docs/user-guides/User%20Guide%20-
%20Optimizing%20Performance%20in%20Low%20Bandwidth%20Environments.pdf 

6 https://www.nytimes.com/2021/07/01/technology/cloud-gaming-latest-wave.html  

7https://www.google.com/search?q=recommended+video+bitrates+for+HDR+uploads&rlz=1C1GCEA_enUS995US995&oq=recomm
ended+video+bitrates+for+HDR+uploads&aqs=chrome..69i57j0i10j0i390l4.8341j1j15&sourceid=chrome&ie=UTF-8 

to multiple users. Extra upload bandwidth is 
needed to share files or share videos. 
 

Video Gaming 
The amount of bandwidth needed for gaming 
varies widely by the platform and the game, 
with needs for download data streams 
between 1 Mbps and 30 Mbps. Starting in 
2019, the major game platforms have started 
to migrate gaming to the cloud. This means 
gamers no longer buy CDs or download 
huge game files. Currently, other major 
platforms like Facebook, Amazon, and 
Microsoft have joined the migration to the 
cloud to allow gaming to be played on any 
device and not on proprietary game 
consoles.6 
 

Home Security Services 
The most common 4K cameras operate at 
1080p, and the chart below shows that 
translates into 10 ï 16 Mbps. Over the last 
few years, millions of homes installed video 
cameras that can be set to record in the 
cloud. The low-resolution cameras weôve 
used over the last decade have required 1-3 
Mbps upload bursts to the cloud per camera. 
The following table shows the upload 
bandwidth needed for various 4K cameras 
(the speed is a function of the number of 
pixels in the image and the number of video 
frames transmitter per second.7 
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Transportation 
Another new upload broadband use is smart 
cars.  One manufacturer strongly suggests 
connecting the car to the cloud, although itôs 
not mandatory. The connection can be made 
through a monthly subscription with a cellular 
carrier specifically for the vehicle, or by 

connecting the car to the home Wi-Fi 
network. When connected to Wi-Fi, it 
uploads statistics about driving performance 
and diagnostics every time it comes into 
range of the home Wi-Fi. The connection 
also allows the manufacturer to download 
software upgrades to the car. 8 

 
Every one of the broadband uses described requires more bandwidth than only a few years ago.  
New broadband usages will present another magnitude larger than today. 

¶ YouTube is already accepting 8K videos that require a little over 50 Mbps download 
stream. There are already 8K TVs in stores, and those come with the capability of 100 
Mbps downstream to do picture-in-picture.  

¶ There are already developers working on content for online HD virtual reality, and there 
are estimates that the technology could require download streams as fast as 167 Mbps.   

 

 

8 
https://www.subaru.com/engineering/starlink/conn
ectivity.html 
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DSL is a transmission technology that delivers 
bandwidth over twisted-pair copper telephone 
wires. Like many of the communications 
innovations of the last century, the concept for DSL 
came out of Bellcore, the offshoot of Bell Labs. The 
invention of DSL is credited to Joseph Lechleider, 
but the technology was polished and 
commercialized by Stanford Professor John Cioffi 
(known as the ñFather of DSLò).9  
 
Traditional telephone service transmits signals 
using radio frequencies inside of a pair of copper 
wires. Traditional telephone voice service 
operates using frequencies between 1 and 3,400 
hertz ï which can also be expressed as 3.4 
kilohertz (kHz). Copper wire operating in that 
frequency range can carry up to 56 Kbps (kilobits 
per second) of data, which was the maximum 
speed of dial-up broadband over telephone wires. 
 
DSL pushes past the 3.4 kHz frequency limit and 
transmits data at higher frequencies. Similar to any 
technology using radio frequencies, the higher the 
frequency and the wider the range of the 
frequencies being used, the greater the amount of 
data packets that can be transmitted ï and the 
greater the transmission speed that can be 
achieved. The first widely sold generation of 
commercial DSL had a download transmission 
data rate of 1 Mbps (1,000 kilobits) ï which carried 
18 times more data than a traditional telephone 
dial-up connection. 
 
The term DSL represents a wide range of different 
technologies. The first patents for ADSL, the first 
widely deployed variety of DSL, were filed in 1988 
- thirty-four years ago.10 

 
  

 

 

9 https://en.wikipedia.org/wiki/Digital_subscriber_line 

10 Id.  

Digital 
Subscriber 
Line (DSL) 
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The most deployed types of DSL can be categorized into 
five families of technology: 
 
 

ISDL 
This early form of DSL emulated Integrated Services Digital 
Network (ISDN) service and could transmit a 144 kbps ISDN 
signal to 18,000 feet, which could be extended with a 
repeater. ISDN was a data transmission technology and a 
predecessor to DSL, introduced in 1988. 
 
 

SDSL (Symmetric DSL) 
This early DSL supported a symmetrical data stream up to 
1.544 Mbps. 
 
 

HDSL (High Bit-Rate DSL) 
This largely replaced SDSL and transmitted a symmetrical 
data stream at speeds between 1.544 Mbps and 2.048 
Mbps. This technology provided a cheaper way to transmit 
a traditional T1 and is still used for this purpose. 
 
 

ADSL (Asymmetric DSL) 
This is a family of DSL that introduced asymmetrical data 
speeds, with most of the speed assigned to the download 
path. First-generation ADSL uses frequencies on the copper 
from 25.875 kHz to 138 kHz for upload and between 138 
kHz and 1,104 kHz (1.104 MHz) for download. ADSL2+ 
extended the frequency range further to 2.2 MHz.  
 
 

VDSL (Very-high-data-rate DSL) 
VDSL technology reaches into higher frequencies and uses 
spectrum between 25 kHz and 17.665 MHz. The trade-off 
for using higher frequencies is a shortening of the distance 
the data can be carried before it degrades. 
 
 

G.fast 
DSL technology has continued to evolve. G.fast uses 
frequencies on copper up to 212 MHz and delivers speeds 
up to 1 Gbps, but for very short distances, such as inside of 
a building. This paper does not examine G.fast technology.   
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This discussion paper will concentrate on the most deployed DSL in the consumer market, which 
is ADSL, ADSL2+, VDSL, and VDSL2+. 
 
DSL is a standards-based technology, which theoretically means that equipment should be 
interchangeable between vendors ï but during the heyday of the DSL industry, this was rarely 
the case. There were dozens of DSL vendors manufacturing DSL equipment and each had some 
different twist or feature to differentiate its brand in the market. This makes it impossible to 
precisely talk about the capabilities of any specific type of DSL because the speed and 
performance of DSL differed by the vendor and also by the specific feature set as vendors 
constantly introduced new tweaks and features into existing DSL products.  
 
As an example, the following Table 1 shows some of the commercially common types of DSL just 
in the ADSL technology family11: 
 

Table 1 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

11 https://en.wikipedia.org/wiki/Asymmetric_digital_subscriber_line 

Variety of ADSL Download Upload Introduced 

ADSL 8.0 Mbps 1.0 Mbps 1998 

ADSL (G,dmt) 8.0 Mbps 1.3 Mbps 1999-2007 

ADSL over POTS 12.0 Mbps 1.3 Mbps 2001 

ADSL over ISDN 12.0 Mbps 1.8 Mbps 2005 

ADSL2 12.0 Mbps 1.3 Mbps 2002 - 2007 

Splitterless ADSL 1.5 Mbps 0.5 Mbps 2002 - 2007 

ADSL2+ 24.0 Mbps 1.4 Mbps 2003 - 2005 

ADSL2+M 24.0 Mbps 3.3 Mbps 2008 
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The Typical DSL Network 
DSL networks have a simple configuration compared to other broadband technologies like cable 
company Hybrid Fiber Coaxial (HFC) networks or fiber-to-the-premise networks. The diagram 
below in Figure 1 demonstrates the simplicity of the network.  

 

Description of basic DSL Network Elements 

 

DSLAM 

The Digital Subscriber Link Access Multiplexer (DSLAM) is the core device that establishes the 
two-way individual broadband signal going to each twisted pair of copper. The DSLAM 
communicates with customers using a modem, and there is a separate modem inside the DSLAM 
for each pair of copper wires.  
 
The multiplexer function refers to the way that the DSLAM aggregates the traffic to and from 
customers. On traffic coming from the open Internet (at the left of the diagram), the DSLAM 
demodulates and separates the internet traffic aimed at specific customers and routes the traffic 
to the appropriate copper path to each customer. For traffic coming from the customer to go to 
the Internet, the DSLAM accepts the traffic from each customer and aggregates everything into 
one data path to the Internet.  
 
The diagram refers to a DSL splitter. This is the device that allows routing of Internet traffic 
to specific copper pairs. In the early versions of DSL, this was a separate device but has 
largely been integrated into the DSLAM in newer technology.  
 

Figure 1 

 
When DSL was first deployed, the DSLAMs were located almost exclusively in telephone 
company central offices. Because of the distance limitation of the DSL signal, telephone 
companies began to deploy DSLAMs in the field closer to customers. This could mean placing a 
DSLAM anywhere in the network, such as at the entrance to a subdivision, in the basement of a 
giant apartment building, or even in a rural area in a hut to serve nearby farms. Early DSLAMs 
needed to be placed in cooled facilities, but over time the vendors developed óhardenedô DSLAMs 
that can be placed in non-air-conditioned huts in the field.  
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Twisted Copper Pair Wire 

DSL must be transmitted to and from customers using a twisted pair of 
telephone wires. Twisted pair technology was introduced by Alexander 
Graham Bell, who demonstrated that two intertwined wires cancel out 
interference from the signal traveling through a single wire.  
 
When DSL was first deployed, it required a ódry loopô, meaning that early 
DSL did not coexist well with a telephone signal. A dry loop carries no 
telephone dial tone and is also not connected to the DC power system 
that provides continuous power to customer devices in a telephone 
network. (This power from the copper pair is why a telephone used to 
continue to operate even when a home was without power). Vendors 
developed the technology to enable carrying both telephone and DSL 
broadband, and a line carrying both included a band-pass filter at the 
customer end that separated out any unneeded frequency from entering 
and interfering with the customerôs DSL signal.  
 
A DSL signal cannot handle one of the routine electronic elements in 
telephone voice networks. The range of frequencies that are used to 
carry human voice tends to get distorted as the signal is carried through 
copper in an analog telephone network. Telephone networks use 
loading coals on the outdoor copper lines to rebalance the transmission 
signal. The distance between loading coils is largely based upon the 
thickness of the copper wires and can be from one to three miles apart. 
The loading coils eliminate the higher frequencies in a DSL 
transmission, so telephone lines must be de-loaded or shuttled around 
the loading coils.12 This might mean physically bypassing a load coil or 
replacing existing load coils with ones that still work for voice traffic but 
that pass higher frequencies.   
 
The majority of commercial DSL uses a single pair of copper wires. 
However, itôs possible to bond multiple pairs of copper wires together to 
obtain a stronger DSL signal.  
 
While most DSL is provided by the telephone companies that own the 
copper lines, there is also a regulatory requirement in the U.S. for 
telephone companies to offer copper lines to competitors. This 
requirement was established as one of the primary features of the 
Telecommunications Act of 1996. The Act enabled a competitor to lease 
telephone company copper wires and connect its own technology to the 
wires. This regulatory practice is described as selling unbundled copper 
loops and is still being used today by competitors.     
 

  

 

 

12 https://isemag.com/2016/12/load-coils/  



 Is Digital Subscriber Line (DSL) still a broadband technology? 

10 | Page 

 

 

Factors that Affect DSL Performance & Reliability 
The following are some of the major factors that affect DSL networks: 
 

Factor #1: Distance 
The most widely understood characteristic of DSL is that the amount of bandwidth that can be 
delivered decreases with distance from the DSLAM transmitter. A customer located one mile from 
a DSLAM will get a faster broadband connection than a customer located three miles away.  
 
The signal strength decreases from a phenomenon referred to as attenuation. Attenuation occurs 
when a transmitted signal interacts with the transmission medium. Every transmission medium 
has attenuation, and there is signal loss when sending signals through telephone copper, coaxial 
copper, fiber, and even wirelessly through the air. A transmitted DSL signal gets weakened as 
the transmission bounces against the sheath surrounding the copper or interacts with small 
irregularities in the wire.  
 
Each variety of DSL has a different pattern of attenuation losses. The following graph in Figure 2 
shows the attenuation losses for the three most used types of DSL. Figure 2 shows that VDSL2 
massively outperforms the other kinds of DSL for distances under 1,300 feet. At very short 
distances, a VDSL2 
signal can deliver 
nearly 100 Mbps in 
speed. This capability 
has little practical use 
because there are 
typically not many 
homes within only 
1,000 feet of a DSLAM. 
Theoretically, an ISP 
could use VDSL2 to 
create a 50 Mbps 
broadband product on 
a single copper pair by 
putting a DSLAM every 
2,000 feet so that all 
customers are within 
1,000 feet of the DSLAM.  

 
The DSL variety with the best market-practical field characteristics is ADSL2+.13 This technology 
can deliver DSL speeds of 20 Mbps or more download for distances up to 6,000 feet on good 
copper, with speeds still at 10 Mbps download at 10,000 feet. Figure 2 demonstrates that speeds 
decline quickly for all three varieties of DSL when distances exceed 10,000 feet.  
 
It is important to note that the distances being discussed are the feet of copper wiring between 
the DSLAM and a customer. 
 

 

 

13 http://www.differencebetween.net/technology/difference-between-adsl-and-adsl2/ 

Figure 2 

 


